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(54) A fuel injector for an internal combustion engine 

(57) In a fuel injector for an internal combustion 
engine having an injection hole (8), a valve body (7a), 
and a fuel reservoir (7b) on the downstream side of a 
seat portion (7c) of the valve body (7a), the width of the 
injection hole (8) is gradually narrowed inward at a pre- 
determined included angle (61), an opening on the 
outer side of the injection hole (8) has a width (w1) suf- 
ficiently larger than the height (h) thereof. The tip of the 
fuel reservoir (7b) is communicated with the injection 
hole (8) via a passage portion (9) which has a uniform 
cross section. On each transverse plane within the 
height of the injection hole (8), the tip of the fuel reser- 
voir (7b) has an arc shape, on the transverse plane 
passing through the center of the height of the injection 
hole (8), the tip of the fuel reservoir (7b) has a hemicir- 
cle shape and the vertex (P) of the predetermined 
included angle (61) is located on the upstream side of 
the center (O) of the hemicircle shape. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001 ] The present invention relates to a fuel injector 
for an internal combustion engine and, particularly, to a 
fuel injector for an internal combustion engine in which 
the injection hole is formed in the shape of a slit to pro- 10 
duce the spray of a flat fan shape. 

2. Description of the Prior Art 

[0002] In a fuel injector for supplying fuel to an internal 15 
combustion engine, the injection hole is formed in the 
shape of a slit to produce a spray of the shape of a flat 
fan. Japanese Unexamined Patent Publication (Kokai) 
No. 3-78562 discloses such a fuel injector for an internal 
combustion engine. The spray of the shape of a flat fan 20 
formed by the fuel injected from the slit-like injection 
hole of this fuel injector has a small dispersion in con- 
centration and a greatly increased surface area of the 
spray compared with that of the spray of an ordinary 
conical shape, enabling nearly all of the fuel to come 25 
into sufficient contact with the air and, hence, to be 
quickly atomized and mixed. This makes it possible to 
supply, to the internal combustion engine, a fuel spray 
having a small dispersion in the concentration and in 
which the fuel is sufficiently atomized. 30 
[0003] There, however, remains a problem in that with 
the slit-like injection hole, it is not easy to adjust the flow 
rate of the fuel and it is difficult that the flat fan shape of 
the spray corresponds precisely to the shape of the slit- 
like injection hole. The flow rate of the fuel varies 35 
depending upon the minimum sectional area of the 
injection hole. In order to set the flow rate of the fuel to 
a desired value, the minimum sectional area of the 
injection hole must be correctly set. In the case that the 
fan-shaped slit-like injection hole is formed to communi- 40 
cate with a general fuel reservoir having a hemispheri- 
cal shape, the area of the communication portion 
between the injection hole and the fuel reservoir is the 
minimum sectional area of the injection hole, if geomet- 
rically simplified, the area can be considered to be the 45 
area of the region where a curved surface meets a 
quadrangular pyramid. Therefore, a small change in the 
position of the slit-like injection hole causes a change in 
the sectional area of the communication portion that is 
opened to the fuel reservoir, i.e., a change of the mini- so 
mum sectional area of the injection hole, making it diffi- 
cult to obtain a desired amount of injected fuel. In the 
slit-like injection hole that produces the spray of the 
shape of a flat fan, furthermore, the flow of the fuel eas- 
ily becomes nonuniform. Particularly, it is difficult that 55 
the fuel flows in the side regions of the injection hole in 
the flattened direction as same as in the central region 
thereof due to the wall resistance of the injection hole 



the included angle of the spray of the fan shape tends to 
become smaller than the included angle of the injection 
hole of the fan shape, and the spray becomes thin in the 
side regions of the spray in the flattened direction. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the present invention 
to provide a fuel injector for an internal combustion 
engine which can obtain a desired amount of injected 
fuel if the position of the slit-like injection hole of a fan 
shape varies slightly, and can obtain the spray of a 
desired flat fan shape. 

[0005] According to the present invention, there is pro- 
vided a fuel injector for an internal combustion engine, 
comprising an injection hole, a valve body, and a fuel 
reservoir on the downstream side of a seat portion of 
the valve body, wherein the width of the injection hole is 
gradually narrowed inward at a predetermined included 
angle, an opening on the outer side of the injection hole 
has a width sufficiently larger than the height thereof, 
the tip of the fuel reservoir is communicated with said 
injection hole via a passage portion which has a uniform 
cross section, on each transverse plane within the 
height of said injection hole, the tip of the fuel reservoir 
has an arc shape, on the transverse plane passing 
through the center of the height of the injection hole, the 
tip of the fuel reservoir has a hemicircle shape and the 
vertex of the predetermined included angle is located 
on the upstream side of the center of the hemicircle 
shape. 

[0006] The present invention will be more fully under- 
stood from the description of the preferred embodi- 
ments of the invention as set forth below, together with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] 

Fig. 1 is a sectional view schematically illustrating a 
part of direct cylinder injection-type spark-ignition 
internal combustion engine equipped with a fuel 
injector according to an embodiment of the present 
invention ; 

Fig. 2 is an enlarged sectional view illustrating the 
vicinity of an injection hole of the fuel injector of Fig. 

Fig. 3 is a view of part of Fig. 2 viewed from the 
direction of an arrow (A); 

Fig. 4 is a graph illustrating a relationship between 
the shape of the spray and the amount of deviation 
of the vertex of the fan shape of the injection hole 
from the center of the hemispherical surface of a 
fuel reservoir; 

Fig. 5 is a view for explaining a relationship 
between the included angle of the spray and the 
included angle of the injection hole of the fan 
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shape; 

Fig. 6 is a graph illustrating a change in the shape 
of the spray depending upon the atmospheric pres- 
sure; and 

Fig. 7 is a graph illustrating a relationship between s 
the ratio of the length of the passage portion of the 
injection hole to the diameter of the fuel reservoir 
and the ratio of the included angle of the spray to 
the included angle of the injection hole of the fan 
shape. 10 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0008] Fig. 1 is a sectional view schematically illustrat- 
ing a part of direct cylinder injection-type spark-ignition 15 
internal combustion engine equipped with a fuel injector 
7 according to an embodiment of the present invention. 
In Fig. 1, reference numeral 1 denotes an intake port 
and 2 denotes an exhaust port. The intake port 1 is 
communicated with the cylinder via an intake valve 3, 20 
and the exhaust port 2 is communicated with the cylin- 
der via an exhaust valve 4. Reference numeral 5 
denotes a piston, 5a denotes a concave combustion 
chamber formed in the top surface of the piston 5, and 
reference numeral 6 denotes a spark plug arranged 25 
above the combustion chamber. The fuel injector 7 
directly injects the fuel into the cylinder. 
[0009] Fig. 2 is an enlarged sectional view illustrating 
the vicinity of an injection hole 8 of the fuel injector 7, 
and Fig. 3 is a view of part of Fig. 2 viewed from the 30 
direction of an arrow (A). In these drawings, reference 
numeral 7a denotes a valve body, 7b denotes a fuel res- 
ervoir communicated with the injection hole 8, and 7c 
denotes a nozzle seat portion that can be closed by the 
valve body 7a. The high pressure fuel is supplied to the 35 
fuel reservoir 7b via the nozzle seat portion 7c only 
when the valve body 7a is pulled up, whereby the fuel 
pressure in the fuel reservoir 7b is increased, and the 
fuel is injected from the injection hole 8. 
[0010] An opening on the outer side of the injection 40 
hole 8 at the downstream end in a direction in which the 
fuel is injected, is flat in cross section and has the shape 
of a nearly rectangular slit with a width (w1) larger in the 
flattened direction than a height (h) thereof. The injec- 
tion hole 8 has the shape of a fan of an included angle 45 
(G1) of which the width is gradually narrowed inward, 
i.e., gradually narrowed toward the upstream side in the 
direction in which the fuel is injected, so that the fuel can 
be injected at a predetermined angle in the direction of 
width. The fan-shaped injection hole 8 is also flat in so 
cross section at an upstream end in the direction of the 
fuel injection, and has a nearly rectangular shape in 
cross section with a height (h) and a width (w2). The 
height of the injection hole 8 is uniform in the direction of 
injection in a fan shape within a predetermined angle in 55 
the direction of width. A passage portion 9 of a rectan- 
gular shape in cross section with a height (h) and a 
width (w2), is formed between the injection hole 8 and 
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the fuel reservoir 7b. On the upstream side of the injec- 
tion hole 8, there is formed a fuel passage having a uni- 
form cross section over a length (I) in the direction of 
fuel injection. The tip portion of the fuel reservoir 7b has 
a hemispherical shape of a diameter (d), so that the fuel 
pressure in the fuel reservoir 7b equally acts on each 
portion of the injection hole 8 in the direction of injection. 
Furthermore, in the transverse plane passing through 
the center of height of injection hole 8, a vertex (P) of 
the fan shape of the injection hole 8 is deviated by an 
amount (b) toward the upstream side from the center 
(O) of the spherical surface of the fuel reservoir 7b in the 
direction of fuel injection. 

[001 1 ] The fuel injected from the injection hole 8 of the 
thus constituted fuel injector 7 forms a flat fan-shaped 
spray having a relatively small thickness corresponding 
to the height (h) of the injection hole 8, and whereby 
nearly ail the fuel comes into sufficient contact with the 
air taken into the cylinder and is favorably atomized. 
Furthermore, since the passage portion 9 having a con- 
stant sectional area is formed in the communication por- 
tion between the injection hole 8 and the fuel reservoir 
7b, the amount of the fuel that flows into the injection 
hole 8 is determined by the passage portion 9. In form- 
ing the injection hole 8, therefore, even if the positions of 
the injection hole 8 and the fuel reservoir 7b are 
changed relative to each other due to error in the posi- 
tion of the injection hole 8, the area of the communica- 
tion portion between the injection hole 8 and the fuel 
reservoir 7b, i.e., the opening area of the communica- 
tion portion to the fuel reservoir 7b is always constant. 
Accordingly, a desired amount of injected fuel can be 
obtained irrespective of an error in the position at where 
the injection hole 8 is formed. 

[0012] In a general slit-like injection hole, the fuel 
hardly flows in the side regions thereof. To solve this 
problem, in the injection hole 8 of the present embodi- 
ment, the vertex (P) of the injection hole 8 of the fan 
shape is located on the upstream side of the direction of 
fuel injection to deviate by an amount (b) from the center 
(O) of the spherical surface of the fuel reservoir 7b. The 
fuel flow from the fuel reservoir 7b into the injection hole 
8 can be typically considered to be constituted by main 
radial flows with the center (O) of the spherical surface 
of the fuel reservoir 7b as a center and flows in the flat- 
tened direction, i.e., in the direction of width along the 
spherical surface of the fuel reservoir 7b. Therefore, the 
direction in which the fuel flows into the injection hole 8 
varies depending upon a change in the position of the 
center (O) of the spherical surface of the fuel reservoir 
7b with respect to the injection hole 8 of the fan shape, 
to seriously affect the shape of the spray that is formed. 
[0013] Fig. 4 is a graph illustrating a relationship 
between the position of the center (O) of the spherical 
surface of the fuel reservoir 7b relative to the injection 
hole 8 of the fan shape and the shape of the spray that 
is formed, wherein the abscissa represents the amount 
(b) of deviation of the vertex (P) of the fan shape of the 
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injection hole 8 toward the upstream side in the direc- 
tion of fuel injection from the center (O) of the spherical 
surface of the fuel reservoir 7b, and the ordinate repre- 
sents the ratio of the included angle (02) of the fan 
shape of the spray that is really formed under the stand- 5 
ard atmospheric pressure to the included angle (61) of 
the fan shape of the injection hole 8. Referring to Fig 5 
the included angle (62) of the spray of the tan shape that 
is really formed tends to become smaller than the 
included angle (61) of the injection hole 8 of the fan w 
shape. The ratio (62/61) is the approximation rate of the 
included angle (62) of the spray really formed to the 
included angle (61) of the injection hole 8. The data of 
the diagram of Fig. 4 are obtained by setting the length 
(1) of the passage portion to 0. 1 mm constantly, setting « 
the included angle (61 ) of the injection hole 8 of the fan 
shape to 70 degrees constantly, and by changing the 
diameter (d) of the fuel reservoir 7b to change the 
amount (b) of deviation while keeping the amount of fuel 
injection constant. The spray of a flat fan shape can be « 
formed irrespective of the amount (b) of deviation of the 
vertex (P) of the injection hole 8 of the fan shape toward 
the upstream side in the direction of fuel injection from 
the center (O) of the spherical surface of the fuel reser- 
voir 7b. Depending upon the amount (b) of deviation 2S 
however, the ratio (62/61) of the vertical angle (62) of the 
spray of the fan shape really formed to the included 
angle (61) of the injection hole 8 of the fan shape under- 
goes a great change. That is. as the amount of deviation 
(b) decreases, the included angle (62) of the spray of 3n 
the fan shape mat is really formed relatively decreases 
and the approximation rate to the shape of the injection 
hole decreases. As the amount (b) of deviation 
increases, on the other hand, the approximation rate 
increases. This is attributed to, as the amount (b) of 35 
deviation increases, the flow in the direction of width 
i.e., toward both sides of the injection hole 8, increases 
in the main fuel flow into the injection hole 8. Therefore 
as the amount (b) of deviation increases, the shape of 
the spray really formed is closer to the shape of the 40 
injection hole and. besides, the fuel flow is increased on 
both side portions of the injection hole 8. and the spray 
does not become thin in the side regions thereof in the 
flattened direction. 

[0014] The ratio of the vertical angle 62 of the spray of 45 
the fen shape really formed to the vertical angle 61 of 
the mjection hole 8 of the fan shape under the atmos- 
pheric pressure, is related to a change in the shape of 
the spray caused by a high atmospheric pressure Fig 
6 is a graph illustrating a change in the shape of the so 
spray caused by the high atmospheric pressure 
wherein the abscissa represents the ratio (62/61) of the 
vertical angle (G2) of the spray of the fan shape really 
formed under the standard atmospheric pressure to the 
included angle 61 of the injection hole 8 of the fan ss 
shape, and the ordinate represents the ratio (R) of the 
included angle of the spray under a high atmospheric 
pressure or. concretely, under an atmospheric pressure 



of 0.4 MPa to the vertical angle of the spray under the 
standard atmospheric pressure. It has been known that 
ttie included angle or the diverging angle of the spray 
decreases with an increase in the atmospheric pres- 
sure, and the spray contracts. Therefore, the above- 
mentioned ratio (R) is an inverse number of the contrac- 
tion factor of the spray. Concerning the reduction in the 
included angle of the spray due to a rise in the atmos- 
pheric pressure, a correlation is found, as shown in Fig 
6. in the ratio (62/61) of the included angle (62) of the 
spray of the fan shape really formed under the standard 
atmospheric pressure to the included angle (61) of the 
injection hole 8 of the fan shape. That is. the included 
angle of the spray contracts greatly due to the rise in Ihe 
atmospheric pressure when the fuel injector 7 produces 
the spray which has a small ratio (62/61) of the included 
angle (62) of the spray of the fan shape really formed 
under the standard atmospheric pressure to the vertical 
angle (61) of the injection hole 8 of the fan shape and in 
which the included angle (62) of the spray of the fan 
shape really formed under the standard atmospheric 
pressure is smaller than the included angle (61) of the 
injection hole 8 of the fan shape. This is chiefly attrib- 
uted to the fact that the main fuel hardly flows in the 
sides of the injection hole 8. In the direct cylinder injec- 
tion-type spark-ignition internal combustion engine it is 
desired that the spray has a large included angle when 
a homogeneous mixture gas is formed in the cylinder by 
the intake stroke fuel injection, and the included angle of 
the spray is contracted to a suitable degree when a 
stratified mixture gas is formed in the combustion cham- 
ber in the compression stroke, when the included angle 
of the spray is greatly contracted in the compression 
stroke, i.e., under a high atmospheric pressure how- 
ever, the fuel is concentrated too much and the atomiza- 
tion becomes insufficient, which is not desirable. 
[001 5] According to the present embodiment, there- 
fore, the vertex (P) of the injection hole 8 of the fan 
shape is located on the upstream side of the center (O) 
of the spherical surface of the fuel reservoir 7b in the 
direction of fuel injection. Therefore, the included angle 
of the spray is not contracted to a conspicuous degree 
under a high atmospheric pressure, and the spray of a 
flat fan shape is obtained having a included angle close 
to the included angle of the injection hole 8 of the fan 
shape. Upon increasing the amount (b) of deviation of 
the vertex (P) of the injection hole 8 of the fan shape 
toward the upstream side of the center (O) of the spher- 
ical surface of the fuel reservoir 7b in the direction of 
fuel injection, the ratio (62/61) of the included angle (62) 
of the spray of the fan shape really formed to the vertical 
angle (61) of the injection hole 8 of the fan shape 
approaches 1. Upon increasing the amount (b) of devi- 
ation of the vertex (P) of the injection hole 8 of the fan 
shape toward the upstream side of the center (O) of the 
spherical surface of the fuel reservoir 7b in the direction 
of fuel injection to be not smaller than 0.2 mm. further- 
more, the included angle (62) of the spray of the fan 
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shape really formed can be brought more close to the 
vertical angle (61) of the injection hole 8 of the fan 
shape. Besides, a change in the ratio of the included 
angle (62) of the spray of the fan shape really formed to 
the vertical angle (81) of the injection hole 8 of the fan 5 
shape, becomes small relative to a change in the 
amount (b) of deviation. Accordingly, the effect caused 
by error in the amount (b) of deviation can be 
decreased, and the spray can be formed as contem- 
plated. 10 
[0016] Fig. 7 is a graph illustrating a relationship 
between the ratio of the length (I) of the passage portion 
to the diameter (d) of the fuel reservoir 7b and the ratio 
of the vertical angle (62) of the spray of the fan shape 
really formed under the standard atmospheric pressure 15 
to the vertical angle (61) of the injection hole 8 of the fan 
shape. Here, the results are obtained by setting the 
amount (b) of deviation to 0.2 mm constantly, the verti- 
cal angle (61) of the injection hole 8 of the fan shape to 
50 degrees constantly, and by changing the length (I) of 20 
the passage portion. As the ratio (l/d) of the length (I) of 
the passage portion to the diameter (d) of the fuel reser- 
voir 7b decreases, the ratio (62/61 ) of the included angle 
(62) of the spray of the fan shape really formed under 
the atmospheric pressure to the included angle (81) of 25 
the injection hole 8 of the fan shape to approaches 1, 
from which it is learned that the spray is obtained in a 
shape as contemplated by setting the ratio (l/d) to be 
small. Here, when the ratio (l/d) is not larger than 0.2, a 
change in the ratio (62/61) becomes small relative to a 30 
change in the ratio (l/d). This is attributed to the length 
(I) of the passage portion 9 being so small as can be 
substantially neglected in relation to the diameter (d) of 
the fuel reservoir 7b. Upon setting the ratio (l/d) to be 
not larger than 0.2, therefore, it is possible to obtain the 35 
spray having an included angle closer to the included 
angle (61) of the injection hole 8 of the fan shape. 
Besides, a change in the ratio (62/61) decreases rela- 
tive to the change in the ratio (l/d) and, hence, the effect 
caused by error in the ratio (l/d) can be decreased, and 40 
the spray can be formed as contemplated. 
[0017] If the fuel injector 7 is used for the direct cylin- 
der injection-type spark-ignition internal combustion 
engine as shown in Fig. 1 , the spray of a predetermined 
amount of fuel which is sufficiently atomized and has a 45 
small dispersion in the concentration, can be supplied 
into the combustion chamber 5a in the top surface of the 
piston in the compression stroke to accomplish a strati- 
fied combustion. Therefore, the stratified combustion 
takes place more stably. Besides, since the spray of fuel so 
has a small thickness, a relatively large amount of fuel 
can be introduced into the combustion chamber while 
the piston moves in a latter half of the compression 
stroke. Thus, the region of stratified combustion can be 
expanded toward the high-load side. ss 
[0018] In the present embodiment, the tip portion of 
the fuel reservoir 7b has a hemispherical shape. How- 
ever, only the shape of the boundary portion with the 
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passage portion 9 in the fuel reservoir 7b is important. 
The fuel pressure acting on each portion of the injection 
hole 8 can be nearly uniform if the boundary line 
between the fuel reservoir 7b and the passage portion 9 
is an arc on each transverse plane within the height of 
the injection hole 8. 

[001 9] Although the invention has been described with 
reference to specific embodiments thereof, it should be 
apparent that numerous modifications can be made 
thereto by those skilled in the art, without departing from 
the basic concept and scope of the invention. 
[0020] In a fuel injector for an internal combustion 
engine having an injection hole, a valve body, and a fuel 
reservoir on the downstream side of a seat portion of 
the valve body, the width of the injection hole is gradu- 
ally narrowed inward at a predetermined included 
angle, an opening on the outer side of the injection hole 
has a width sufficiently larger than the height thereof. 
The tip of the fuel reservoir is communicated with the 
injection hole via a passage portion which has a uniform 
cross section. On each transverse plane within the 
height of the injection hole, the tip of the fuel reservoir 
has an arc shape, on the transverse plane passing 
through the center of the height of the injection hole, the 
tip of the fuel reservoir has a hemicircle shape and the 
vertex of the predetermined included angle is located 
on the upstream side of the center of the hemicircle 
shape. 

Claims 

1. A fuel injector for an internal combustion engine, 
comprising an injection hole, a valve body, and a 
fuel reservoir on the downstream side of a seat por- 
tion of said valve body, wherein the width of said 
injection hole is gradually narrowed inward at a pre- 
determined included angle, an opening on the outer 
side of said injection hole has a width sufficiently 
larger than the height thereof, the tip of said fuel 
reservoir is communicated with said injection hole 
via a passage portion which has a uniform cross 
section, on each transverse plane within said height 
of said injection hole, said tip of said fuel reservoir 
has an arc shape, on the transverse plane passing 
through the center of said height of said injection 
hole, said tip of said fuel reservoir has a hemicircle 
shape and the vertex of said predetermined 
included angle is located on the upstream side of 
the center of said hemicircle shape. 

2. A fuel injector according to claim 1 , wherein the 
ratio of the length of said passage portion to the 
diameter of said hemicircle shape is not larger than 
0.2. 

3. A fuel injector according to claim 1 , wherein said tip 
of said fuel reservoir has a hemispherical shape. 
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